An agar-degrading bacterium, strain SA7, was isolated from plant roots cultivated in soil. Analysis of the 16S rDNA sequence showed that strain SA7 is affiliated with the genus Asticcacaulis. Strain SA7 produced extracellular agarase, and grew utilizing agar in the culture medium as sole carbon source. Zymogram analysis showed that strain SA7 extracellularly secreted single agarase protein (about 70 kDa).
Several types of agarase-producing bacteria that degrade and utilize agar have been isolated. Generally, most previously reported agar-degrading bacteria were isolated from marine environments. A wide range of agar-degrading bacteria, including Agarivorans albus,
1)
Alteromonas sp., 2,3) Bacillus cereus, 4) Pseudoalteromonas sp., 5, 6) Pseudomonas sp., 7, 8) Vibrio sp., 9) and many genera of the phlyum Cytophaga-Flavobacterium-Bacteroides [10] [11] [12] [13] [14] have been isolated from marine environments. Since agar is a polysaccharide produced by marine red algae, it is natural that most agar-degrading bacteria are inhabitants of marine habitats. Agar-degrading bacteria utilize agar as a carbon and energy source and are considered to play an important role in the recycling of polysaccharides produced by red algae in marine environments. 15) From non-marine environments, several agar-degrading bacteria have also been isolated, including Cytophaga sp. and Alteromonas sp. 16) isolated from freshwater, Spirochaeta alkalica 17) isolated from soda lake, and Bacillus sp., 18) Cytophaga sp., 19, 20) and Streptomyces coelicolor 21) isolated from soils. From sewage, a gram-negative bacterium (unidentified) has been isolated. 22) In addition, we recently reported the presence of agar-degrading bacteria in plant rhizospheres. 23) Mucilage polysaccharides (structure unknown) secreted from plant roots contain abundant galactose as a major component sugar, [24] [25] [26] [27] suggesting that agar-like polysaccharide might be present in plant rhizospheres. Agardegrading enzymes of the isolates might degrade such polysaccharides. Studies of the agar-degrading rhizobacteria might provide a clue to the ecology of nonmarine agar-degrading bacteria. In this study, we isolated a novel agar-degrading bacterium from the root surfaces of plants cultivated in soil, identified the bacterium using DNA sequencing of the 16S rDNA, and performed zymogram analysis for agarase. Agar-degrading bacteria were isolated from plant roots cultivated in soil. A soil sample (sandy loam, pH 6.2, 1.5% organic matter) was collected from a vegetable cropping field located in Saitama Prefecture in Japan. Agar (Wako Pure Chemical, Osaka, Japan) dissolved in distilled water and sterilized was added to the soil sample (final concentration, 0.1% agar). Then the soil water content was adjusted to 50% (w/w, water/ dry soil). For enrichment of agar-degrading bacteria, the agar-supplemented soil sample was packed in pots and incubated at 28 C for 7 d before plant cultivation. Spinach plants (Spinacea oleracea cv. Atlas) were cultivated in pots containing the soil in a growth chamber with a light intensity of 250 mmol m À2 s À1 at 20 C. After growth for 21 d, the plants were harvested and the roots were excised and shaken in a 10 mM phosphate buffer solution (pH 7.0) to remove soil particles. The soil-free root samples were cut into fragments 3-5 mm long and shaken on a vortex mixer (5 min, full speed). The root suspension was serially diluted, and the 0.1-ml diluted portions were spread on 0.1 TSA agar medium. For preparation of the nonrhizosphere soil sample, the agar-supplemented soil was maintained under the same conditions and serial dilutions were plated onto 0.1 TSA agar. Total bacterial colonies on the plates were counted after 10 d of incubation at 28 C, and agar-degrading bacteria in colonies with depression of circumferences were isolated.
Agar-degrading bacteria accounted for 1.2% of the total bacteria on the root surface (agar-degrading CFU/g dry root). In contrast, no agar-degrading colony was detected in the non-rhizosphere soil sample (2:7 Â 10 7 CFU/g dry soil) by the plate dilution method. The agar-degrading bacteria appear to have preferentially inhabited the plant roots rather than the soils. This suggests that the agar-degrading bacteria had a property characteristic of rhizobacteria. All colonies of the agardegrading bacteria showed the same morphology. The colony morphology was grayish white, convex, moist, and circular. Strain SA7, which formed the largest pit around the colony by degrading agar, was selected for further study. Strain SA7 is a gram-negative, aerobic bacterium, and did not grow at 5 C, 45 C, or in the presence of 3% NaCl. The agar-degrading isolate grew utilizing agar in the culture medium as the sole carbon source. In addition, strain SA7 degraded not only agar but also various plant polysaccharides, viz., carboxymethyl cellulose, starch, and xylan (data not shown).
For detection of agarase activity, zymogram analysis was performed according to the method of Hosoda et al. 23) Cells of strain SA7 were inoculated in 300 ml Erlenmeyer flasks containing 100 ml of the basal medium supplemented with 0.1% (w/v) agarose and cultured for 4 d at 28 C on a rotary shaker (100 rpm). Cultures were supplemented with phenylmethylsulfonyl fluoride (final concentration, 0.1 mM) and centrifuged to remove bacteria at 7;000 Â g for 30 min at 4 C. The supernatants were brought to 70% saturation with ammonium sulfate overnight. The precipitates were collected by centrifuging at 14;500 Â g for 30 min at 4 C, resuspended in 2 ml of 20 mM Tris HCl buffer (pH 8.0), and dialyzed against the same buffer. The partially purified agarase was used for zymogram analysis. A partially purified agarase sample (10 ml) was mixed with an equal volume of sodium dodecyl sulfate (SDS) loading buffer and denatured at 95 C for 3 min. The sample was loaded onto SDS-7.5% polyacrylamide gel containing 0.02% (w/v) agarose, and electrophoresed at 30 mA for 3.5 h at room temperature. After electrophoresis, protein bands were stained with SYPRO Tangerine protein gel stain (Amersham Biosciences, Tokyo) according to the supplier's instructions. The gel was then renatured in 200 ml of distilled water for 30 min at 37 C and incubated in 200 ml of 20 mM Tris HCl buffer (pH 8.0) for 2 h at 37 C with gentle shaking. The clearing zones corresponding to enzyme activities were visualized with Lugol's solution. In the crude agarase extract from SA7, a single band with agarase activity was detected. The molecular weight was about 70 kDa (Fig. 1) . This value was close to those reported for agarase from Alteromonas sp. E-1 (82 kDa), 28) Pseudomonas sp. W7 (89 kDa), 8) and Bacillus cereus ASK202 (90 kDa).
4)
Identification of this bacterium was performed by sequence analysis of DNA coding for the 16S rRNA (rDNA). The 16S rDNA was amplified by PCR with primers 8-27f (5 0 -AGAGTTTGATCCTGGCTCAG-3 0 ) and 1543-1525r (5 0 -AAAGGAGGTGATCCAGCC-3 0 ). 29) The amplified 16S rDNA was purified using a Qiaquick PCR Purification Kit (Qiagen, Valencia, CA) according to the supplier's instructions. The amplified 16S rDNA were sequenced directly with an ALF expressÔ DNA Sequencer (Amersham) using flanking and internal primers. 29) The almost complete 16S rDNA sequence (1,436 bp) of strain SA7 was determined. Homology searches were conducted using the DDBJ (DNA Date Bank of Japan) and RDP-II (Ribosomal Database Project) databases.
30) The homology search result of the 16S rDNA for strain SA7 showed a close relationship to Asticcacaulis taihuensis T3-B7 (99.1% sequence similarity) and A. biprosthecium DSM 4723 (98.8% sequence similarity). Multiple alignment of the sequences and the construction of a neighbor-joining phylogenetic tree were done with the CLUSTAL W ver. 1.83 program of DDBJ online analysis. A bootstrap confidence analysis was done with 1,000 replicates. The phylogenetic tree constructed from the sequence data showed that strain SA7 appeared within the evolutionary radiation encompassing genus Asticcacaulis (Fig. 2) . These results suggest that strain SA7 is a member of the genus Asticcacaulis of the class Alphaproteobacteria. Various agar-degrading bacteria of the phylum Proteobacteria have been reported, but all the bacteria belong to the class Gammaproteobacteria. This is the first report of agar-degrading bacteria belonging to the Alphaproteobacteria. The 16S rDNA sequence of Asticcacaulis sp. strain SA7 has been deposited in the DDBJ database under accession no. AB093140.
There have been relatively few studies on the function of agarase production by non-marine bacteria, or on the ecology of such bacteria. Strain SA7 might be useful for clarification of the ecology and function of non-marine agar-degrading bacteria in the plant rhizosphere. Mycoplana bullata (D12785)
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